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INTRODUCTION: 


We  have  demonstrated  previously  that  retroviral-based  expression  screening  is  a 
powerful  approach  for  the  identification  of  cDNAs  whose  overexpression  are  associated 
with  growth  deregulation  (1).  During  the  course  of  these  studies,  an  expression  system 
that  was  developed  by  the  principle  investigator  was  adapted  for  the  identification  of 
genes  that  contribute  to  the  progression  of  breast  cancer  cells  to  a  metastatic  state  (2; 
appended).  We  have  successfully  isolated  four  cDNAs  from  a  MBA-MB-231  derived 
library  (LIRE,  DAP-1,  abLIM  and  HSPA5)  that  can  confer  a  phenotype  of  increased 
invasiveness  when  overexpressed  in  MCF-T  cells.  The  most  strongly  transforming  of 
these  cDNAs  contains  the  coding  sequences  of  death  activating  protein  1  (DAP1)  In  the 
antisense  orientation.  Amongst  the  four  cDNAs,  only  DAP-1  was  able  to  confer  a 
phenotype  of  transformation  when  expressed  in  other  cell  types.  Interestingly,  DAP-1 
was  originally  identified  in  a  screen  for  positive  mediators  of  apoptosis  using  antisense 
cDNA  libraries  to  rescue  cells  from  cell  death  in  the  presence  of  the  killing  cytokine 
interferon  gamma  (IFN-y)(3).  Because  DAP-1  exhibited  the  strongest  phenotype  of  the 
four  new  cDNAs  (15-fold  Increase  in  invasion),  and  because  it  has  been  shown 
previously  to  have  tumor  suppressor  activity,  it  was  selected  for  further  analysis. 
Interestingly,  expression  of  DAP-1  (antisense)  in  NIH  3T3  cells  is  associated  with 
activation  of  the  small  GTPase  RhoA.  In  contrast  down-regulation  of  RhoA  was 
observed  in  MCF-7  cells  in  which  DAP-1  expression  is  suppressed.  Changes  in  the 
actin  cytoskeleton  of  these  cells  was  observed  that  were  consistent  with  down- 
regulation  of  RhoA  activity.  No  alterations  were  observed  in  either  RhoA  GTP-levels  or 
the  actin  cytoskeleton  when  DAP-1  was  overexpressed  in  the  sense  orientation. 
Finally,  co-expression  of  DAP-1  (antisense)  with  an  activated  derivative  of  RhoA 
blocked  the  ability  of  DAP-1  to  confer  a  motile  phenotype  on  MCF-7  cells.  To 
summarize,  we  have  identified  DAP-1  as  a  potential  tumor  suppressor  protein  that  can 
regulate  motility  and  invasion  in  human  breast  cancer  cells.  This  activity  appears  to  be 
mediated  by  the  ability  of  DAP-1  to  regulate  the  GTP  loading  of  the  small  GTPase 
RhoA. 

BODY: 

Recovery  of  proviral  inserts  from  a  screen  for  invasion-inducing  proteins. 

In  years  1  and  2  of  this  proposal  we  described  the  construction  and  initial  screening  of 
an  MBA-MB-231  derived  expression  library  using  MCF-7  cells  as  recipients.  This 
screen  yielded  5  mass  populations  of  cells  that  were  enriched  for  invasive  cells.  PCR- 
based  screening  of  genomic  DNAs  derived  from  each  cell  population  identified  between 
2  to  5  proviral  inserts  per  cell  population.  Genomic  Southerns  were  performed  to 
confirm  the  presence  of  the  provirus  using  a  vector-specific  probe.  Any  PCR  bands  that 
were  confirmed  by  Southern  blot  were  excised  from  the  gel,  recloned  into  the  retroviral 
vector  pCTV3H,  and  analyzed  by  restriction  digest.  A  total  of  8  clones  was  recovered 
which  identified  4  distinct  cDNA  sequences.  Additional  screens  are  still  ongoing, 
although  no  additional  cDNAs  have  yet  been  identified. 
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Confirmation  of  invasive  potential  of  proviral  inserts  and  sequence 
identification  of  4  novel  motility  inducing  cDNAs.  The  4  recovered  cDNAs  were 
repackaged  arid  used  to  individually  infect  MCF-7  cells.  Cell  populations  were  selected 
with  hygromycin  B,  and  then  tested  for  motility  using  a  transwell  assay.  Cognate  vector 
was  included  as  negative  control.  All  four  of  the  cDNAs  exhibited  increased 
invasiveness  ranging  from  2-  to  15-fold  (Table  1).  To  summarize,  we  have  identified 
and  retested  4  independent  cDNAs,  each  with  invasive  potential  in  MCF-7  cells. 


Table  1:  Identity  and  motile  phenotype  associated  with  cDNAs  recovered  from  a 
screen  of  an  MBA-MB-231  derived  library  for  invasion-inducing  proteins _ 


Clone 

Designation 

#  motile  cells  / 

1  X  10*  cells 
plated 

Retest 

Motility? 

Clone  Identification 
(genbank  accession  #  /  nucleotide 
residues) 

pCTV3H 

3+/- 1 

c1.1 

10+/-2 

++ 

Hormone  Sensitive  Lipase  (LIRE) 
_ {NM005357  /  nuci  -3805) _ 

C1.2 

67  12 

++++++ 

DAP-1  antisense 
fX76105  /  nuc  2045-68^ 

c2.1 

13+/- 4 

+ 

Heat  Shock  70kD  Proteins  (HSPA5) 
fNM005347  /  nuc5-34611 

c2.2 

71  +/-  8 

++++++ 

DAP-1  antisense 
fX76105  /  nuc  2045-681 

c4.1 

21  +/-  5 

++ 

Actin  Binding  LIM  protein  (ABLIM) 
fNM00671 9  /  nuc502-61651 

c5.2 

83+/- 13 

++++++ 

DAP-1  antisense 
(X761 05 /nuc  2045-681 

Identity  of  recovered  clones.  The  identity  of  the  four  invasive  clones  was 
determined  by  DNA  sequencing  (Table  1).  All  yielded  perfect  matches  to  known 
proteins.  These  include  an  actin  binding  protein  (abLIM),  a  lipase  (LIRE),  a  heat  shock 
protein  (HSPA5)  and  DAP-1 .  ABLIM  is  an  actin  binding  protein  which  is  thought  to  link 
interactions  between  actin  filaments  and  cytpolasmic  signaling  targets  (4).  LIRE  is  an 
84-kDa  cholesterol  esterase  and  triglyceride  hydrolase  that  functions  in  the  release  of 
fatty  acids  from  adipocytes  (5).  HSPA5  is  also  known  as  glucose  regulatory  protein 
78/immunoglobulin  heavy  chain  binding  protein  (Grp78/BiP)  and  is  a  molecular 
chaperone  that  Is  Involved  in  polypeptide  translocation  across  the  ER  membrane  (6). 
The  fourth  clone,  DAP-1,  was  isolated  three  times,  and  Is  the  only  clone  that  was 
orientated  in  the  antisense. 

The  DAP-1  clone  was  by  far  the  most  invasive  of  the  recovered  clones 
(approximately  15-fold  over  vector).  DAP-1  (Death  Associated  Protein  1)  is  expressed 
as  a  single  2.4kb  mRNA  that  encodes  for  a  basic,  proline-rich,  cytoplasmic  15kD  protein 
(3).  Interestingly,  DAP-1  was  originally  identified  in  a  screen  for  positive  mediators  of 
apoptosis  using  antisense  cDNA  libraries  to  rescue  cells  from  cell  death  in  the  presence 
of  the  killing  cytokine  interferon  gamma  (IFN-y)  (3).  Extensive  studies  have  now  shown 
that  DAP-1  is  phosphorylated  by  a  calcium/calmodulin-dependent  DAP  kinase  which 
was  recently  found  to  have  strong  tumor  suppressive  activities,  coupling  the  control  of 
apoptosis  to  metastasis  (7).  DAP  kinase  is  localized  to  actin  filaments  and  this 
localization  is  critical  for  the  apoptotic  process,  specifically  to  the  disruption  of  stress 
fibers,  a  hallmark  of  apoptosis.  Both  these  genes  appear  not  only  to  be  involved  in  cell 
death  in  response  to  IFN-y,  but  also  to  apoptosis  as  a  result  of  detachment  from  the 
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extracellular  m^rix.  In  the  case  of  our  screen  we  have  isolated  a  1  977  bp  cDNA 
(nucleot.de  residues  68-2045)  of  DAP-1  in  the  antisense  orientation  Therefore  Hit 

of  DAP-1  that  this  clone  causes  an  increase  in 
motility.  In  this  way,  DAP-1  is  acting  as  a  tumor  suppressor  in  that  do^rSfnn  « 
causes  an  increase  in  invasion  capability. .  eownreguiating  it 

Expression  of  DAP-1  (but  not  LIRE,  ABLIM  or  HSPA5)  is  associated  with 

ri edfite  Tell'^^otilitT  Because  many  oncogenes  that  affect  cell  growth  also 

invasion,  we  wondered  whether  the  four  invasion  Inducina 
th-  ®  generalized  transforming  activity  in  NIH  3T3  cells  Towards 

orL'h  for  focus-formation,  growth  in  foragrand 

frtntr'  ■  a  ^  provlously  that  Dbs  has  potent  NIH  3T3  cell 

assavsTra  0©^^^  assays  (8).  Cognate  vector  was  also  included  In  all 

negative  control.  Similar  to  Dbs,  expression  of  DAP-1  (antisense)  in  NIH 
3  cells  was  associated  with  enhanced  focus-forming  activity  (Table  2)  anchoraoe 

thpv ^  indistinguishabie  from  the  vector  controls  suggesting  that 

moUlogy  ofTt!r:cia:;d  ^:«h^“"DAP^ 

rhT“elurrepo*“'' 


Table  2:  Transforming  activity  of  invasion-inducing  proteins  in  NIH  3T3  cells. 

Focus-forming  Soft-agar  Low  serum 
Identity  Activity  (%)^  growth  (%)'’  (%)c 


.  oon-agar  Low  serum 

Identity  Activity  (%)^  growth  (%)'’  (%)c 

Vector  0.1  0.1  0  5 

0.1  0.1  0  4 

ABLIM  0.2  0.1  06 

0.1  0.1  ol 

25? _  6-7  _ SS _ 13.7 

s  y  ransfected  cells  were  plated  in  10  cm  dishes  and  cultured  on  0  5%  serum  for  14  dav« 

Colonies  were  counted  and  expressed  as  a  percentage  of  cells  plat^ 

/K..f  antisense  is  associated  with  activation  of  RhoA 

DAP  T  Cdc42)  in  NIH  3T3  cells,  and  inactivation  in  MCF-7  cells.  Since 

t  P'^^duced  a  phenotype  in  NIH  3T3  cells  that  we  have  observed  previously  with 
ivated  Rho  proteins  (8),  we  wondered  whether  down  regulation  of  DAP-1  In  these 
cells  was  associated  with  increased  GTP-loading  on  Rho.  To  test  thirh^othes^  a 
stable  cell  line  was  generated  with  the  DAP-1  antisense  clone.  Lysates  were  collected 
and  then  subjected  to  affinity  purification  to  measure  levels  of  endogenous  RhoA.  Raci 
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and  Cdc42.  We  routinely  use  these  assays  to  measure  the  in  vivo  activity  of  Rho  family 
guanine  nucleotide  exchange  factors  (9).  Compared  to  the  vector  cell  lines,  we  were 
consistently  able  to  detect  elevated  levels  of  RhoA,  but  not  Rad  or  Cdc42  in  our  stable 
cell  line  (Fig.  la).  Thus,  downregulation  of  DAP-1  in  NIH  3T3  cells  is  associated  with 
increased  RhoA  loading,  which  probably  accounts  for  its  transforming  activity. 

The  ability  of  antisense  DAP-1  to  activate  RhoA  was  surprising  since  we  have 
shown  previously  that  activated  RhoA  in  breast  cancer  cell  lines  blocks  invasion  and 
motility.  To  determine  whether  RhoA  activation  by  DAP-1  occurs  in  a  cell-specific 
manner,  we  examined  levels  of  activated  RhoA,  Rad  and  Cdc42  in  MCF-7  cells  that 
stably  express  DAP-1  in  the  antisense  (Fig.  1b).  To  further  determine  whether  RhoA- 
GTP  levels  in  MCF-7  cells  respond  to  DAP-1  expression  in  a  dosage-dependent 
manner,  we  also  examined  cells  in  which  DAP-1  is  expressed  in  the  sense  orientation. 
Compared  to  vector  cells  (and  in  contrast  to  NIH  3T3  cells)  we  observed  reduced  levels 
of  activated  RhoA  in  MCF-7  cells  in  which  DAP-1  expression  is  suppressed.  No 
differences  were  observed  in  Rad-GTP  or  Cdc42-GTP  levels.  In  contrast 
overexpression  of  DAP-1  in  the  sense  orientation  had  no  effect  on  the  levels  of 
activated  RhoA,  Rad  or  Cdc42  in  these  cells.  We  conclude  that  suppression  of  DAP-1 
levels  acts  to  specifically  downregulate  RhoA  in  MCF-7  cells,  and  that  loss  of  RhoA 
function  may  account  for  the  motile  phenotype. 
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Figure  1:  Anti-sense  DAP-1  activates  RhoA  in  NIH3T3  cells,  but  downregulates  RhoA  In 
MCF-7  cells.  Lysates  were  collected  from  (A)  NIH  3T3  or  (B)  MCF-7  cells  that  stably  express 
the  indicated  plasmids.  DAP-1  (AS)  =  antisense  orientation.  Lysates  were  split  into  three 
parts,  each  of  which  was  normalized  for  expression  of  either  RhoA,  Rad  or  Cdc42.  Each 
lysate  was  then  subjected  to  affinity  purification  using  immobilized  GST-Pak  (Rad  or  Cdc42) 
or  GST-C21  (RhoA).  GTP-bound  GTPases  were  then  visualized  by  Western  blot.  RhoA(63L), 
Rad (61 L),  and  Cdc42{61L)  were  included  as  positive  controls  for  RhoA,  Rad,  and  Cdc42 
respectively. 
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Expression  of  DAP-1  in  the  antisense  is  associated  with  alterations  in  the 
actin  cytoskeleton  of  MCF-7  cells.  RhoA  has  been  implicated  in  multiple  cellular 
activities  including  entry  into  cell  cycle,  regulation  of  transcription  and  regulation  of  the 
actin  cytoskeleton.  With  respect  to  the  latter,  RhoA  activation  is  associated  with 
increased  actin  stress  fiber  formation  and  focal  adhesions,  both  of  which  should  limit 
determine  whether  the  DAP-1  mediated  downregulation  of  RhoA-GTP 

Dh  M  with  rearrangements  of  the  actin  cytoskeleton,  we  used 

Phalloidin  staining  to  visualize  actin  structures  in  MCF-7  cells  that  stably  express  DAP-1 
in  the  antisense  (Fig.  2).  Again,  we  also  included  DAP-1  expressed  in  the  sense 
onentation  as  an  additional  control.  When  compared  to  vector  controls,  the  cells  that 
express  DAP-1  in  the  antisense  exhibited  a  dramatic  reduction  in  stress  fiber  formation 

inactivation  of  RhoA.  In  contrast,  no  effect  was  observed  in  the 
cells  that  express  DAP-1  in  the  sense  orientation. 


Vector 


DAP-1  (AS) 


DAP-1 


Figure  2:  MCF-7  cells  that  express  DAP-1  in  the  antisense  have  reduced 
levels  of  polymerized  actin.  Cells  that  stably  express  either  vector,  DAP-1  in 
the  antisense  (DAP-1  (AS))  or  Dap-1  In  the  sense  orientation  (DAP-1)  were 
pteted  on  coverslips  for  48  hr,  then  fixed  and  stained  for  F-actin  using 
phalloidin-rhodamine.  ® 


activated  RhoA  blocks  the  influence  of  DAP-1  on  MCF-7  cell 
motility.  To  further  examine  a  role  for  RhoA  in  mediating  the  effect  of  DAP-1  on  cell 

®  constitutively  activated  mutant  of  RhoA  could  block  the 
ability  of  DAP-1  to  increase  cell  motility  and  invasion.  For  this  analysis  we  generated  an 

f  pressed  both  DAP-1  in  the  antisense,  and  the  RhoA(63L) 
mutant.  RhoA(63L)  is  a  well  characterized,  constitutively  activated  version  of  RhoA  that 
IS  locked  into  the  GTP-bound  state.  This  cell  line  exhibited  dramatically  reduced  motility 
and  invasion  when  compared  to  cells  that  express  just  the  anti-sense  DAP-1  alone  (Fig. 
^  consistent  with  our  hypothesis  that  DAP-1  regulates  cell 

motihty  and  invasion  by  downregulating  the  activation  of  RhoA.  Work  is  currently 
undeiway  to  determine  the  specific  RhoA  effector  proteins  that  mediate  the  effects  of 
UAP-1.  Candidates  that  are  currently  under  close  scrutiny  are  the  ROCKIand  PKN 

kinases,  both  of  which  have  been  implicated  in  RhoA-mediated  transformation  in  other 
cell  types. 
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Vector  RhoA(63L) 


Figure  3:  Activated  RhoA  blocks  DAP-1  mediated 
motility  In  MCF-7  cells.  MCF-7  stable  cell  lines  were 
generated  that  expressed  the  indicated  combinations  of 
plasmids.  Each  cell  line  was  tested  for  motility  by  plating 
1  X  10®  cells  in  the  upper  chamber  of  a  transwell  motility 
filter.  Cells  that  traversed  the  filter  were  stained  and 
counted  at  24  hours.  Data  is  expressed  as  average 
number  of  motile  cells  per  filter.  All  experiments  were 
performed  in  triplicate  using  duplicate  filters.  Data 
shown  is  representative  of  a  single  assay. 


KEY  RESEARCH  ACCOMPLISHMENTS: 

Year  1 

>  Construction  of  highly  complex  cDNA  expression  libraries  from  RNA  derived  from 
invasive  human  breast  tumor  cell  lines. 

>  Establishment  of  mass  populations  of  human  cells  that  are  stably  infected  with 
retroviral-based  cDNA  expression  libraries 

^  enrichment  protocols  that  will  be  required  to  screen  libraries  for 

cDNAs  whose  expression  contribute  to  an  invasive  phenotype. 

Year  2 

>  Recovery  of  proviral  inserts  from  sequentially  enriched  populations  of  MCF-7 

infected  with  retroviral  particles  derived  from  MBA-MB- 

lb  libraries. 

^  complete  sequencing  of  four  independent,  invasion-inducing 

antfeense^*^^  ^  identified  as  the  tumor  suppressor  DAP-1 ,  expressed  in  the 

Year  3 

>  Analysis  of  the  transforming  potential  of  all  four  cDNAs  in  NIH  3T3  cells. 

>  Detail^  analysis  of  the  transforming  and  signaling  potential  of  DAP-1  in  NIH  3T3 
and  MCF-7  cells  reveals  that  it  has  the  properties  of  a  general  tumor  suppressor 
protein  that  functions  by  deregulating  the  small  GTPase  RhoA. 
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REPORTABLE  OUTCOMES: 


G.  M.  Mahon  and  I.  P.  Whitehead  (2001)  Retrovirus  cDNA  expression  library  screening 
for  oncogenes.  Methods  enzymol.  332:2 11 -221 . 

G.M.  Mahon  and  I.P.  Whitehead  (2002)  Expression  screening  for  invasion  inducing 
proteins.  Proceedings  of  DOD  Breast  Cancer  Research  Program  Meeting,  PI-31, 
Orlando,  Fla. 
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CONCLUSIONS: 

The  work  performed  during  the  course  of  these  studies  establishes  that  our 
retrovirus-based  system  can  be  used  to  identify  cDNAs  that  result  In  the  increased 
invasive  potential  of  MCF-7  cells.  Thus  far  four  cDNAs  has  been  recovered  whose 
expression  cause  a  phenotype  of  increased  motility  and  invasion  in  MCF-7  cells. 
Although  considerable  time  continues  to  be  spent  recovering  and  retesting  proviral 
inserts  from  ongoing  screens,  no  additional  cDNAs  have  yet  been  recovered. 
Importantly,  an  extremely  low  frequency  of  false  positives  has  been  encountered  which 
bodes  well  for  the  future  of  this  screening  strategy. 

A  very  potent  inducer  of  invasion  (an  antisense  cDNA  for  DAP-1 ),  was  isolated  in 
3  independent  rnass  populations  of  motile  cells,  and  was  selected  for  further  analysis. 
We  have  determined  that  DAP-1  can  function  as  a  tumor  suppressor  when  expressed  in 
other  cell  types,  and  that  its  activity  is  mediated  by  its  ability  to  regulate  the  small 
GTPase  RhoA.  Although  DAP-1  has  been  previously  attributed  tumor  suppressor 
function,  its  ability  to  regulate  an  invasive  phenotype  through  interactions  with  small 
GTPases  is  novel.  Further  characterization  of  this  molecule  and  its  transforming  ability 
may  provide  new  insights  into  tumor  metastasis.  It  is  anticipated  that  the  results 
obtained  from  these  studies  will  form  the  basis  of  a  more  extensive  proposal  to  the  NCI. 
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Polymerase  Chain  Reaction  Amplification  of  Proviral  cDNA  Inserts  it  j^us.  errors  introduced  into  the  DNA  sctiucnccs  by  the  polynierase  are 

A  polymerase  chain  reaction  (PCR)-mediated  DN A  amplification  pro-  .  kept  to  a  minimum, 

tocol  has  been  developed  to  facilitate  the  recovery  of  proviral  cDNA  inserts  Add  600 /il  of  lysis  buffer  [1  mM  EDTA.  19^  (w/v)  SDS.  and  proteinase 

(Fig.  2).^  High  molecular  weight  DNA,  prepared  from  the  transformed  (100  /xg/ml)  added  directly  before  use)  to  a  3.^-mm  well  (rl  conlluent 

cells,  is  PCR  amplified  with  a  set  of  vector  primers  that  flank  the  cDNA  cells  and  incubate  at  37°  for  90  min.  Transfer  the  lysate  to  a  1.5-ml  tube 
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